JAK2 mediates the acute response to decreased cell volume in mouse preimplantation embryos by activating NHE1.
Preimplantation mouse embryos are particularly sensitive to increased osmolarity within their normal physiological range. The detrimental effects can be alleviated by organic osmolytes such as glycine transported into early embryos, an effect thought to be due to the organic osmolyte replacing a portion of intracellular inorganic ions accumulated during acute cell volume regulation. However, no mechanism of cell volume regulation dependent on inorganic ions has been identified in preimplantation embryos. We found that decreased cell volume rapidly activated Na(+)/H(+) exchange in preimplantation mouse embryos. This activity was likely mediated by the NHE1 (Slc9a1) isoform, since it was blocked by the highly selective NHE1 inhibitor, cariporide, which also inhibited the ability of the 1-cell embryo to maintain cell volume. How NHE1 is activated by decreased cell volume is not generally well understood. Full activation of NHE1 by decreased cell volume in 2-cell mouse embryos required the activity of the tyrosine kinase Janus kinase 2 (Jak2), since NHE1 activation was inhibited by the general tyrosine kinase inhibitor genistein, several selective inhibitors of Jak2, and dominant negative Jak2 expressed in 2-cell embryos. Decreased cell volume furthermore resulted in increased tyrosine phosphorylation of proteins in 2-cell embryos detected both by anti-phosphotyrosine antibody and an antibody directed against active phospho-Jak2. Thus, Jak2 apparently serves as a cell volume sensor in embryos. Evidence from pharmacological inhibitors further indicated that NHE1 activation by decreased cell volume was dependent on calmodulin activity, likely downstream of Jak2, and required active phospholipase C.